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1 .0 INTRODUCTION

1.' Statement o Need - There is a reed to forecast the vibro-

acoustic environment produced by Space Transportation System (STS) ]aunches

at Vandenberg Air Force Ease (VAFB) to support facility design, operations

and lifetime predictions.

1.2 Scope - Figure 1 shows the major Ground Support System (CSS)

elements neighboring the launch pad. Our report treats launch

vibro-acoustics for two of these structures: the Payload Changeout Rocm

(I'CR) and the Administration Building (AB). The PCR is a multistorie<i

mobile structure used to carry payloads from the Payload Preparation loom

(PI'R) to the Shuttle on the Launch Mount (1,M). The AB isa the fixed

buildir, in the foreground of Figure 1, south of the PPR.

Prior to launch, the PCR is rolled back from the LM and parked just

off the east face o1 the PPR. At launch time the PCR, PPR and AB are

three distinct, tightly clustered multistoried structures. For small.

metions, thc" buildings move freely of one another. For displacements in

exce. s of a few cent meters, they will collide. Secondary motion produced

by pount!! g Is ott.-ide the scepe of this study; only the likelihood of

irpct is considered.

13 Apro;ch1 - Vibro-acoustic forecasts presented here combine a

:!mttic .;ource terr, cstablished at Kennedy Space Center (KSC) (1,2) with

rc;i.ured rospouses to smill test explo,,ions take at VAFB, Appendix A.

"hc-, r-sp,,ses clnt:l TI :,ite oecullar reverbera tions to h encountered

,:1 rint ,i launch at V ,II . Fffect,; due to the iocket exhauist cioud and

*v'Ipl'te c n-itrl'ttion re not includt iu t) ese e;timates. It i:s

,iik'Cd ti lF t,, .1ioll wilt 1 ! t mat, i i v degiate the forecas.ts.

- --- -. 1



2.0 GSS LAUNCH ENVIRONMENT St'IECIFICATTONS

2.1 Definitions - Motion envi'ironmeut can be specilied in many

ways (3). Peak motion is commonly cited, as is level. Both peak and

level thresholds have the advantage that they are readily validated witl!

minimal analysis and interpretation. For major structural members, more

comprelensive measures such as pseido response spectra or power spectra are

usuallN invoked. In order to satisfy a variety of often cited motion

specifications, we quantify Shuttle launch vibro-acoustics in the band

0.3 to 30 Hz as follows:

".1.1 Motior Estimates

a) Peak Motion: The maximum component motion ot a point irow

its long-term rest value.

b) Response Spectra: The maximum motion over a family of second

(,,I ( tem having .' ,r 5(1 damping excited by a prescribed base motion.

c ) .,ot ton 1 eve I: "lie root mean square motion of a point about

,r'n value ovcr a duratioin T, starting at time t.

d) 'OWtr ' pectr: Periidograim average based on motion samples

ot du1.iti,, n T.

". I 'rc';si it' 1st ilriat':

Prel;sur( de:, : tLor.,; Il.' t;ive severa, variaits. Pressure

foreran;t!, arir giveni ii, it'rmi oT tlie lollowing:

'I ,I. I li, 1 lrs,ei t observed pressure dcv iat ion ion:

mb i et .

iti : . en i'1t : root meilla s , re pres. en I, ti

'' l'. ard, ; 't€ ,im ' t , ttl i,'. , over- r' diirati t 1 , t~ir-tin" ,at

S " - - ° - . . •. .



duration T.

d) GASPL: PRioadband mean square pres. :ure estimate determir:ed by

integrating tie "best fitting" standard torm spectra.

".2 Launch Environment Specifications

2.2.1 Motion - Uotion specifications have not been established

for either the PCR or AB. However, acceleration spectra in excess of

)
.0ig /z and pseudo velocity responses in excess of 100 inches/second are

cited as motions of concern for other GSS structures (3). To these

"thresholds of concein" we add a peak displacement that is half the

,relaunch at-rest gLlp with the PPP,. For the PCR, a west displacement a:

small as !.0 centimeter ca. be a motion of concern, while a north displace-

rent of 2.6 centimetcr> constitutes a "motion oi concern" for the AB (4).

-. 2.2 'rc,,iure - Far-field acoustic estimates for launche!3 at

>Lct ionl V23 ;'ve, riot seriously treated pressure modifications caused by

topougraphy and (:-'.: structures (3). The forecasted OASPI. maximum from h.4%

,iotv stdic. oinciucu ith our findings for a flat open area.



0 FINDINGS

launch motion forecasts are summarized in Table I for poiit:,

on the south Payload Ground Ha-,dling Meclhanism (PIIM) rails and the Orbiter

Flight Simulator (OFS) floor. The locations were selected b\' the .lhuttle

Activation Task Force (SATAF). The table elements give the maximu. valu

obtained in one simulatcd launch. Motion values approaching or exceeditu t

thre,,JioId:; o concern are highlighted.

3.1 Motion - Launch generated side-on pressure on the east 1 1 e

the PCR will torque the structure into a lightly! damped sway in line

with the, launch Mount and the PPR. The motion forecast for tle Pl(R

leg Illr Iv excceds the di,;placcment threshold of concern. A 5.0 cm

prela 'ri1l "at rest" gap between the PCR and the I'FRk is insufficient to

icgo .,rlv accmmodato tre expected sway of both 1,uidin s. The ,tructurL.,

vm ,, h ih ik of porn ding during a Iaunch. The rebounding

charitcieri.tics ld ihseqiient daLmage ltior: such collisions are out. ide the

f t tc preent stidv.

Th're2.;i. - ihe prol us ir of mu Iti ;torie d structures iii t'i

i: la itt e h r l iho nlo- I ) td (,I LI inch MoUit produces 1k1' LrbCat ics that

igil , it I ci t L IL t e l, I . level and .pcct ral cI;,r; ict ,ris;t J (i : o

k1:1; i'pii ,: ,, the I (i- and I'PN. Forecasts t0,i include citf'

ltiol IVe in roillId, g tt::ts call :()1 trillr .jpe'' Ira ci t wo

! , t-,' :1th _,Itc , '{ < ' : t , ' 1 , W11;(
'  

; , , , ct', do{ llt, ~i ' ' , I I

1-'~~.
'  ~d S I t_' I- I' . I I t (i ! 1' : I 

,  
l? ( ll r',lp '11)' F , 1 ,

l i t I t t r t ,TI t V



4.0 PRESSURE FORECASTS

4.1 Intrcduction - Pressures outside a source region can be separated

into a free-field term and contributions arising trom boundaries. For a

small source In an isothermal, windless atmosphere overlying a dense, flat,

perfectly reflecting earth, the surface boundary doubles the incident

free-field pressure term (6). For a less than perfectly reflecting

flat-earth, surface pressure depends on the path defined by the source and

reasurement locatioIS.

Surface pressure produced by a Shuttle launch at KSC is well

represented by small source, far-field, spherical acoustics incident on a

:lt-earth for stations clear of the rocket exhaust groundcloud. Suriace

pressures at offsets ir the range of 200 to 400 meters decay inversel i with

rarge without a change in form, with, phase delays in harmony with the

pressure field pr&4(,ted by a point source imbedded in the rocket plume

moving with the huttle K,2). Around the time of maximum loading, STS

l.unch ovetpressures 'atisfy standard form urdeflected plume spectra (2).

The OASP' imximum at KSC for 2.56 second averaging at stations 300

meters from the launch pad, clear of the groundcloud, occurs about 11

seconds after lift"It with the Shuttle at an altitude of 300 meters. At

thi v t ir the enuivatent acoustic source is 100 meters below the Shuttle

WI. Thie ,'ASP1E ma xir: is 1R4.5 Wb (151 b for .S second averaging) (2).

rh -pectrl m<xmum , .rour d 7.,0 lz, A value in harmony with scaling

'. tu Op:,., t ue O'p prapu.sin system parameters (7,8).



4.2 Pressure Reresentations:_

4.2.1 Shuttle Source - Launch generated surface overpressure time

histories around the OASP1. maximum at an ofIset of 30) meters are simulated

by convolving an Independent , zero mean, uLt variance, normal pToCUS,

( ,1) with a STS source term, Y i,.t)t and a siti r-polC 'A (a ,h;t)

2 + h 2 '- i t

in this (onstnict fin, P -o~nncts the pressure developed at the groudi

1lt I d to a qoiirce pressure emitted by the propulsion s'tem. it inclm e.

a t -trihutions calsed hv site houinidries while tht shaping tti, Y, K

.i so, i cu at tribute o the incident free-! je.d y i-tll , in0 .pn ent

1, i i 1,t, 1 1 co ri r ilr ) t e o ns

Shoit lv beloie ond fniilowin) the MKAJ ;J..ilrm, spvctral shipe t

p,,nt. neighhoring the Shuttle iunc, in relatively coubtftant. The

c-'Ep I n cn chlinge rI ra tixei ,b rv. t nonit or!np' a moving ic et is in

, we? level. Th, nonst, t .in , Li incterint i in acoustic level I01

i lanch'i s incorliorated into iI himul it in iv in er~ i rii I envelope

!enve H ogi

iS

2 -

• - 't l ! ,
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TABLE I

V'EAK MOTION VALUES

BANDPASS C. 3 <f < 30 iz; Launch #6; A3

S(!(AV ION DISPLACEMENT VELOCITY ACCELERATION

(cm) (cm'/sec) (g)

IL,' ER S ,ELFIT OCM RAlIL

e.43 3.4

0.46 4.7 .16

2.32 21.6 .14

.,OVFIV SOUTH PGhM K IT

Z 0.74 c).6 .55

N 0.21 2.5 .09

[0.52 6.5 .24

PFS FlOOR
0.41 9.3 .73

0.26 2.9 .11

0.37 3.7 .14

I q



he m. iitained b, tween buildings, pounding is "nlikly and our ,imulatiow.

should almost alIwy', apply. itfLhe 10 em gap cannot he maintained,

pould ing can agai n he aVoideo by hard coupling the structures to fvrce them

. O e 1 4 ,-



the PCR wil exceed some threshold displacement, d, aftet a specific number

of launches, N. the cumulative probability that the threshold, d, will be

met or exceeded by the Nth launch is given by:

W(N)
= 1P (d)

N

? rom Figure 20, P=50% for steady state segments of slightly more

than 2.0 seconds. The chance that 2.00 cm will be exceeded after 3

launches is ' chances out of 8. Similiarly, there is a 50/50 chance that

the PCK will exceed a displacement of 3.5 cm after 5 launches.

In the snme way we generate the distribution for the vertical

acceleration maxima from steady state samples, Figure 22. Using P'(35)=507,

the )FS troor is expeced to experience a peak acceleration of at least

0.7 g for most launches. Over a sequence of 5 launches there is a 50/50

chance that the (FS floor acclertatien will exceed 0.85 g's.

';.h Summarv - 'able I is a summary of peak launch motion values

obtained by simulation. Notion maxima are given in terms of displacement,

velocity and acceleration. The motions of concern are the east

displacement of tnc upper PI;ItW rail and the vertical acceleration ot the

MK; tlcor. The pek Motion over a sequence of launcheS varies by about a

actor of 2. The di;tribution in the peak value is in harmonv with the

torecast obtained b, segmenting a stationary process.

ihe Pt-rest gap between the PCR and PYR over a set of launches is

it-;elf- ar uncertain quantity suihiect to statistical description. The

minimum gap betw,'en the hard roof edgeF measured August 1 984 was something

,eav than I.S cm. AL that time., the P( a. 'a skewed well ont of ,-ligament

with the P:R. If a prclasuch at-reant ap as large as It cm can alway:

17



distribution is graphed in a manner that plots a Normal distribution a a

straight line. The PCR displacement maxim.. are not distributed as ,1 normal

variate. They lie much closer to a Ravicigh population, the limiting

distribution for maxima of a narrovband process. The figure gives the

probability of containing the maximum displacement by the threshold bised

on assumptions about how long the 'CR motion "essentially" holds a stCid,

state characteristic during a launch; i.e., the average number of maxirla

encountered in the interval for E(a ; t) =1. The longer the motion5

persists, the larger the absolute maximum.

11 we now treat each launch to be an independent event governed

by the probability distribution P(d) shown in Figure 20, the maximum

displaccrient of the ICR after a number of launches can be immediatel v

orecast through the return period (18) defined by:

T(d) = I

l-P(d)

The expression is ,imply a statement that if the tCR has a single

launch probability, p = (1-P(d)) of exceeding a threshold displacement, d,

we must hav., on the average, 1/p launches to exceed the threshold once.

Figure 21 is the maximum displacement forecast for the PCR roof

based on the return period of steady state motion sample segments of

betwcen 2.00 and 1.00 second duration. The forecasted peak displacement is

relatively Insensitive to assumptions about envelope shape after a modest

number of launches. Over a facility ]ift cycle ot 100 launches, the

absolute maximum west ditiplacement t tht ICR from its prelaunch rest value

is esttiiated to be 5 cm.

Viewed somewhat differentlv, we can e6timate the, probability that

it:



histories exceed the cited .M1 2 /H7 threshold for a number of frequency

bands, Figure 1,. :" contrast, pseudo velocity spectra are well below the

1(0" ln/set lut've , l pure 18. Even over a large sequence ol launches, it is

highly unlikelv that "I; floor motion will exceed displacement or velocity

thr.-holds , x pcern.

5.5 f1Ltpeated iaunches - The maximum probable motion excited over a

,neries o ilautnche s do pp,.ds On structuie response and the ensemble cha ra c-

teristics : the ShuttU source pressure being ultimately representable

i NI), 1 ) proess.

The max i rtu:-. motion forecast for a sequence of launches i, based

on tht distrihutinn ,i a stationary process, u (0,t) obtained bv setting

E(r ;t YI , leaving:

u r; t U,.x (r t -'( ) * N (),

where, as before, the motion produced by an explosion is represented by:

u (r;t = (r;t) * Y (t) * (t)
e X p cxlp

for the path established by r.

Figure 19 Is the distribution ohtained for cast displacement

ml::ira of the upper PGHM rail when the PCR is excited, long term, with load

values appropriate for around the time of the (ASPTe maximum. The maximla

for such a construction are known to lie between a Rayleigh and Normal

distribution, depending vu spectral composition (17).

Figure 2n K the distribution in the absolute maxima of PCR root

dtmp1 acempnts in the diruction of the PPR for difterent length samplw;

barced on the stationarv process for the ',IIM rail that preserves tilt. Ih

I 5



meiibcra like the iG11i1 rails cin he t reated L~ hc: input Plot i (11 to ait t a htcd

COMPO II ill ts . Concern about the, nia>:imum motio n UCci ted ii, hardware duir in6~ a

1 aunch n-iturolIiv lyIeads to the consi de rat ion of pseudo respon~c spec tra.

For sucir jnalvsis, ,- iriotioti ili C>:CCSs Of 100 in/sec hias- Leen c ited as

"valtic (t con.ern" in other (55 structtircS 3)

1 i)guxre 15 depicts pseudo veloc ccv response spectra "or 27~' and

damp inrg ba-se-d on the uppcr and lower rail s imulIat ed mot ion * Append i: C . "he

r - ~resulL i aro plotted in a rashi on that re(iily aI lows a 1L ema ti est i vsLe'S in

eFSof acre leration or displacement. file only miotion approiching ti h

il /.,l sc lee is the Casbt veloc i ty of thc uppe r PGHt rail 1. I t call he

expect ed that pscudio ve l ov i t i vs f or po int ,ihbovc the uipper 1PGII i a 1 s w i I

eXCCed 100 i i/StCI (.'.'4 cm/seC).

1) 4 A d v i n i s t r a t e i n B t i I d i n , c i 1 0 C i t i . c i I n c !

Lhe PC R *We Ccst ruet launch ,,enerated t iTire Iiistories for the i(,I I ioo r ii:

the Adm i i st rat i o Lul lilg. F igure 16 shows f 100 r ac cele rat iotns I ased o)t

resl~n;emeaisurement s constrailned tn i s ource hieiglit of 1less thati (,0

qd imet err ablove the launch mount . Peak vertical acceleration in ri i case

Approaches, 1 .0 g. Sinee. theL siniuiatiert alnoFst certainc' unde rest i nat e.,

r 'Ot 11t'td- genera ted by the Shuttle Plo' tug souti, and( hiAgher thoin A) l cteis

tr-ie peA i loor a, c~ lerations, ig~ ht wellI exceed 1.() g.

~ePdispl;)( t-ments (if th- Al norma1 Ht tic cp"I With die 1 PlR are

11)tallttid: 1', 1ia 1eC11 t bai11 the -it-]res't opening '. desigi. gap in excers- ( i

* r -, s'T hoi LId cc m Ai Admini .,t iat i on jill I (i i ijg (Ii -;1 o. 11 elcitS . 1I 1 i t.

it(!~'iit to di!;picetretit ';hI4 d N 101o11 itiCl tO wa S-l oii~tIr

OFS; I oor ((- ii on sett Isei n .4SeL out i



I'CP develops a secondarv ,;way at right angles to the tirst but at a

slightly higher 1icquency. This secondary sway is aggravated by the r[,trpie

. produced by reflections off the PPR that travel back along its south f,c c.

The horizonal motion is considerably larger at the upper elevation; t!,e

vertical motion is more intense near the base.

5.3.., Displacement - Figure 12 recasts the motion given in tiguic V1

into a displacement time history. As a result of sway, the upper raail

executes an east displacement that is in phase, but larger in magnitude

than that of the iowei rail. The maximum tilt between the rails is

1*10 - radianF. A peak displacement at the roofline that preserves tilt

implies ,a displacer..ent 40% larger than shown for the upper [IGHM rail.

Displacements -n the direction of the PPR should regularly exceed ?.0 cm.

An at-rest gap of 5.() cm or less between the two building-; is probablI,

inadequate to avoid pounding. uur simulation, being based on a linear

response, becomes invalid when pounding occurs. Pounding can be expected

to ,.ubstantially intenst fy motion in the PPR and P'Cl.

5.3.3 Acceleration - Figure 13 recasts the velocities given in Figure

11 into acceleration time histories. Lower rail acceleration spectra based

-or 2.50 second sampleq approach .Olg /Hz, a threshold of concern for

other taciljtics (3), Figuie 14. True motion, unlike the simulated motion

time histories, includes: contributions above 30 11z. Hence, a tual pea[

accelera tion shou 1 d L4 somewhat larger than its , corresponding siwu iited

\,altie. :t f,; worth rot "ng tlat acceleration .spectra in thl ' simulnt ion are

I orde , It Trarnitiide larger tlin observed flor KSC ground stations

.:t the sair( d; st ank a,, te PCR (I

.,' i'seu(hr \.elocf.tv i>!timates - MotiL epxcited in major structura

0

-* . .I". _ . i-. - .



0

a vertical trajectory, h=h(t):

, iCR,t) ((lCR, t ;lh, * p S (t)

As before, )STS (h,t) relates to p (h,t) through the mapping
(,Xp

operator, W(t). G is determined by measurement over the path defined by

its end points, namely the position ot the "equivalent" STS source and

location of the seismic observation.

5..' Respon.es - G values Irom test shots are available for

1i-h 60 meters. In this range, 'PCR response is found to be relatively

inset,-,itlve to source height, Appendix A. P(CR motion forecasts use a

heigiht insensitive response that satisfies the I r.t seven seConds of

t itght. For later times, the relitive error will undoubtedly grow. The

dir, tion that the error takes depends o1 the type o! structure. Mo t itm

let L'ilStS for telativeiv tall, slim buildings like the P(CR will in all

likelihood be overestimated. In contrast, both the rootl Iad and motion

forecast for the Advniristration building will be underu,:;tlmated when the

lorecast is constrained to use only the first 1'0 meters of Shuttle

traject ory. As the Shuttle moves south, backscatter OtI the PPR south wall

.haould nearly double and phase align the root load on the Administration

0 a i I d I n ,,,

t. (1< M It I I, SImulation -

I. .1 Partiole Velocity - Figure I1 depicts part icle velocity time

6 hfstortes; for points. on the upper and lower south I(aHM rail s assuming th~at

tih, height insunsitlve building responses obtained in sounding tests will

(olit it to apply when the Shuttle is above 1( (M meters. iti this .imtlat fo1l

the e- ]v ral1 motion is d,,mlnated by a lightly damped building sway In

1 t I lth t ie ,aMc hI Mount . .. the I l n p1 Oct.' ( , t lit

I+ - - . ' + , - + - " _ - . .



5.0 MOTION FORECASTS

5.1 Motion Representation - After Backus (10), motion excited at a

distance by a source acting at the origin of an elastic system can be

expressed by:

Uk(X" t)= : -1. Gk, ,. Ot

' nu k kX. L (x;t:0,0) * M.~ (";tn

For a small source the first term dominates (1)), to give:

Uk (x;t )= ki j(x;t :0,0) * M (O;t)

in turn, simple center of pressure can be represented as; the product

ot a lunction of time and a constant (1:) to give, in this case:

Mi j x YJ C )(t j 0 1

c4.. =1 i=j

Under these constraints, the component motion excited at a point within the

PCR by an explosion over the launch Mount is reduced to the temporal

convolution of a source pressure with the response of a time Invariant

linear system:

k K (.('CR;t :h,O) * p (t)
k ex p

* The motion excited by the moving rocket leads to a time dependent path. F.or

* 11



reverberation pattvrn excited by a source under 100 meteru will continue to

rd appl,, at higher altitudes. For a STS launch, our forecorr.t best applies to

t lmes leading Lip to the OASPI, maximum. The forecasted peak pressure in the

band 0. 1 4 f < 30 liz tot the face of the l'CR is 164.4 + 1.1 db. The expected

SPI. may imuni lor one second averaging is 15").F (.5 db, Figure 8. The

corresponding SM, maximum for the same offset at KSC, free of the ground-

c loud, is 14 l .7 db.

. AB Ioof - it, like manner, we simulate pr,ssure on thi roof of

the Administ rat ion Building over a sequence of launches, Figure 9. As for

the face of th" IPP<, spectral shape !,,; substantLialiv altered bv site uni ye

reverberations, I:igure 10.

'l.ihbi compartv the result', ol a tlird u(tave anrl' is using .%

sei mt-i :amip le ; round the ,A'Y':T mlaX iuu r.YM e mil., t ion wit!, rorres-

-1 pond , I 1I) ' Vd tCS oh t. '[ d tbr 4I. ar. c a sfl 1, 1 lPn(} h it a: I I lt-e rth :;ito

aor a ufat obe 't\(r (Itset I I eterie . Tle OASPT oi :.ission I i; is

14 Cl. lie C01o11ptabe;h IC fl it-c I Lh Value tki -iYng E701 I\ elets in thi S

.imulat ion is L4 . t db. Th,' f lot-Carth 'Al i vI lut 1 uite CICsI to 6.4'

moelC I ( .L I tes ( . Fresur e; -, iw;ulat io,) i f tor t he i It the

Adri1 ';t rat i[i i i d i i' ' l : 1 1 ( e ie '' t L':I I-e h i , r thanl

tho..' e.:;t I i . ,t lt'\'t' .,fl ' Ir' . s. h. d3 ,ITaritV bL(%, eI



4.5 Launch Pressure Simulations - The mapping operator W(t) obtained

1 from flat-earth measurements is now applied to pressure wavelets produced

by 2.5 pound charges detonated over the Launch Mount:

V23 V23
(r;t) = W(t) * p (r;t) * E(r;t N(0,1).PSTS ex p

where: Pex~ (r ;t) = V (r,h;t) * Y (t) contains the
ex) V23 exp

site response and it 1 is defined by the operation:

(4Y., (t) W(t) *, Y (t)
I's e x 1

4.5.1 East Face of PPR - Shuttle launch pressure forecasts within the

V23 station area differ markedly Irom pressures measured at flat-earth

sites after allowance for boundary eflects. Figure 6 shows a sequence of

simuiated launch pressures on the east face of the PPR that contain

reverberation.s excited by slhots detonated over the Launch Mount. The

pressure on the east face of the PPR differs significantly from simulated

or measured piessures for a flat-earth site at the same offset.

Reverberations encountered at Station V23 alter both the level and

spectral shape of the load on the PPR. Figure 7 is the ratio between the

pressure spectral level on the PPR with like values for a flat-earth site.

Surface loads on the PPR are enhanced by as much as 14 db because of local

boundary eflects. The reverberation pattern is sensitive to source and

observer location. Almost certainly, launch pressure at VAFB will continue

t,. differ from V,, for times well after the Shuttle has cleared the Launch

,'&'m t

Presuie time historius for simulated launches assume the

* 9



spectra produced by this explosion into STS launch pressure Is given in

aFigure 3 with:

Phase is specified by demanding that the operator he realizable and o1

minimum phase ((9).

ri ,a.4 Simulation Source Error - If only to provide a check, we S41 jj ate

a STS launch for a ilat-earth site based on a 2.5 pound shot waivelet

measured at the VAFB 1 0) Test Range using:

FE F E
STS ex 1)

r; SimuIlnted launch pre -.'ur, ,s plotted dirt.ctlv above Mission 41B pressure

measur-ements taken ?91 meters southwest of Pad 39A, Figure 4. As can be

ieadily seen, broadband surface pressures for actual and simulated launches

look much alike. The main difference between the two lies in a change in

spectral content that occurs over time for the actual launch. To show

this, we construct a ,.equcnce of bandwidth limited pressure envelopes for

the launch (I 41B, ligure 'i. The low frequency envelope for an actual

launch is more ptersistent than allowed by the broadband envelope. Also,

the low frequency portion of the ignition pulse for an actual launch is

less attenuated bv pad structure and, as noted in other studies, the true

plume tipectrum drilt,, to lower frequencies as the rocket Climbs to altitudL'

K (2,7). looking ahead, our simulations should tend to moderately underdrive

low frequency (- 5 11z), lowly damped ( )<107) structures., such as the P(P,

0o

-. . .
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for launch induced surface prehoire at points not blanketed by the .hMau;t

cloud tot i l,.t, ,, (1 4: 3S' meters over a flat, open area like FS(.

,.. xpllosl: Source - in much the same way, surface pressure

generatt'd by an ,rmnqpheriu v Ixploion ,.it sties:

with extrapolations a'ot a over a flat-earth site in the range o'

interest a.:. in V,.-v :nd 'y small source, far-field, spherical acounitics:

K ik r-.* r,; () * ( t ) * c1g( t )I'.. Ir ;: ) : " 'I , ,ex p __ _ _ _ _ _ _ _ _

2

s +

d :-. I, e ., erelce he twen explI os(ion and llaunch

.' ,'~l' . I:. , ,-',u , ;" separat d Into purely site and source

,tt , ltw'). ., : ," , . iil S can then he directlv estimated from

mvaisur,.-. t , at h, , .. " t i e11v hundarv conditions.

4. rS e_ Hai_') ()ipyraLtcar - We seek an operator W(t) that maps an

explosion pre:s,,ute inuto I an equivalent plume source for colmlon boundary

cnn'd it "s and sour e-uhs.ivr geometry:

,, a it ) * W t t "- p (a ;t)c'x , ,ST "IS s

0 Figure 2 Is a stan dard form surtace spectrum obtained for Mission 4 1B

uniIIg b.servationu in the cleor, 27O meters SSW of Pad 19A (2). Included

in the f igure is the spectrum of the wavelet produced by a 2.5 pound

* explosive charge for the same offset and averaging time at a flat-earth

HIre. see Appendix B. The amplitude neted to convert surface preasure

- - . . . .- . ,- ' .' , -. i- ' . .' . . _. - . . . .1
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Indivioua 1 channel responses tor these tests arc given in Figlitru IA tn,!

"A. Channel scale tacLers are ultirte v L race !ble to a fo-cu produted W,

a proof mass, or a pressure deveioptd by a co lumn of water ol known he ipht.

W' ise in these tests in cuninated by the amILbient cuOdit-Ion." at Aot tine.

Eardware unise is inconsequentia] (1,2).

Measured wavelets produced by 2.5 pound tharges Petrcooted I , A, ,:: 2

4) mece above the launch Mount are given in Figures . and 4A. The

pressure and seismic wavelets establish sitv -Qpeili o;p nses t,

,acoustics emitted Itrom I points along the SS trajectory anod incident ,

locations of interest to SATAF.

• -, . . . . . . - . -. . - . i . .. . .. .
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AI'I'N) 1X B: F1AT-FA TI1' V I I (,-ACOUS'i (IS

Pressure and seis 5iic transticnts, produced by 2.5 and 5.0 pound

charg(-s were measured at the POD Test Range at VAFB. Tihe range is a f lat

ire;, largely free ot surface obstacles. Boundary acoustics over this site

are t.ken to he mool tLh-e same as those for the tiat open area surrounding

rDad 3)A aIt !KSC.

Surface pressures produced by air shots ;it the FOI Range and during

Shuttle launches are readj ],v extrapolated over our range o1 interest as

spherical, far-fi-eld acoustics on a flat-earth boundary. Differences

between piessurc measurementisI of the Shuttle at KSC and explosions at the

FP ,'ange for a cor-mon offset are taken to be solely a source attribute.

Difference pressures under these restrictions can be mapped into one

anotler by tempora 1 convolution.

Figure lB is the vtbro-acoustic disturbance produced by a 2.5 pound

b'1arge at the EO Ra)ange, measured through (;DAS configured as in Figure 21

with channel response.s" given in Figure 3B through 5B. The pressure

tr;.):iient is lound to propagate without a change in torm at a median

elocit', ol 345 r/sec. Figure ( '. The specific acoustic impedance at the

:.Urt-ace is 1.0]O4  dyne sec,,'ct (rayI) tor all but the air-coupled

turn. It is worthI noting that an air-coupled frequency as high as

encountcred here (' hz) indicates an extremely shallow alluvial cover

mor: ac e ,rei.sure wavelets at the .li) Range differ significantly trom

0



tho.'wo gencraitcd by the same weight charge at V,3. I Afi erences in wavelet

j cx'eI , formi and diurati on at a commoni offset are duo(- to boundar.' gonerated

p tessurk, terms.



ocw I I Pal

-4. 1"

-4. 168

8.23

-4.168

-e. 160

0'- 1 7 PSI

01-~~- 168(Vl~

-4.038

4 .168

e. SWAB

Y- I I I M

Ch PSI

1.~.. 14 VC

I-0 I -

TIMESEC. )4

533



5009 1( SikT l t c r

P- I

I O9U L :-3U

SEN ~k (;UNFULRAT'IION: VAF(9/ IW SHOWl

F i g u r v 2 h9



af.___ 14. m . .... .. 145

U SD E I

V ~-46
I k1A-15N, -i. I-

i \ 143. 14!.

I

T

SI t l !I0 ,t

i :? sU -1"-I9

- ____________ r im _________________________

e-,tr D e4

, ld c V to.

iA -. CHANN.L *

333

I -538 1 1 .T 1 1 . I

100tmw i4., too - 144

4p

19 1- / .. s

( i- / "\

v \ \ - D

E I
CCIIANNEI i CHANNEL. *- .

r;WaE1%N " FWQD-4y 4w)

C:HANNEL RESPONSES: 1-6

Figure 3B

55



Id 1 __ -"" - ____ 4
ME

142 -.. 14

P
1 

H

[ T ' -T

Jam 14 1

'4t1

v to, D

kv v

AI

,e1 I 14.
T p 1 -

- 1 .-

Saa.1 ... 1

* , 5J T I -- ' lr r T r * ! 'T .

I I •

3 .ii1..271. __ __ )*. - ,-- i

* 5

-"I" F- .



pq

m y

D E

E AT

1 M

144 ____ ____141,

m

11 AN-N.--- I

7 T. ~ -3 1 4'T T r- -- 7 Tr TrT 7

10 100

(, NEL R SP NS S. 13 1

Figure 5

57.0 \~



I.A i I i N

PiedI- _345 .145A rti'ter o0 runs:

F i g i L i,

*1



APPENDIX C: PSEUDO kIT (H!TY SIIRA

Pseudo veloci tv pcctizi are crmputed from the stoci)d order differenitil

cquation, V(r) + av(r *N (v t) Vt),where Y(t) is base aicce'leration; and

i the di splacement o: th l t rii(:tiirtii I lement, res ponding, ax. ;i mneeinien Il

0 I- later (10. The at'-~ yIK ;ire reilited to frequency ( f) and dampping,

act *r i as o ! . 71 ad! a 4, dt d

lied(, veI c i t v e r. ca ItaIor re t urn ing thle albsolIu te4 rax inin valu I it

! ) an enen c ti jg :11 iret' period vilue !o or Elit input x Ct

i c we ha.ve t'.1 xc o tx vt a-v~i i Iat)Ie as ain ottput t f orti oui s imuIa t ion

V4, I i I I 'I .:

v~~~t +~ .J':d t o dd J v~t dt.

.p ri',I i I igl '-'~t 41 '4 f lcLL VAx rote; W~lc witht -11 Za V ,e116 ro(

0lo it ox I ti ''

(v 1n-i n-In-
- I - 11 _i _k _ bl Y J

+
2 t

Thle f r.-lquenc l es us!ed rainge f rom. 2 5 to 2 5 .0 H7z in inc rement s o f .5 Ilz.

Th le v, ma~x valIues a re I n turn mutipI Ied by the approp ria te angu la r

-otncies; to give spectra with the units of velocity.
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